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Hypopigmentation: A Common Feature of
Prader-Labhart-WiIIi Syndrome
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Summary

In order to determine the frequency and characterization of hypopigmentation in Prader-Labhart-Willi syn-

drome (PLWS), clinical, cytogenetic and biochemical findings are reported in 56 PLWS individuals. Forty-
eight percent of the individuals with PLWS met the criteria for hypopigmentation. Hypopigmentation in
PLWS individuals appears to be as common as previously recognized features such as behavioral problems
and dental abnormalities. Significant differences in hair color, sun sensitivity, and complexion were found
between those PLWS patients with the chromosome 15 deletion and those with normal chromosomes. Indi-
viduals with the deletion frequently had lighter hair color, more sun sensitivity, and fairer complexion than
did either other family members or nondeletion PLWS patients. No significant differences in biochemical
findings (phenylalanine, tyrosine, catecholamines, or P-melanocyte-stimulating hormone) were found be-
tween deletion and nondeletion PLWS patients or between hypopigmented and normally pigmented pa-

tients. The data suggest that a gene(s) controlling the activity of tyrosinase or other enzymes required for
melanin production is located on proximal 15q.

Introduction

Prader-Labhart-Willi syndrome (PLWS) is the most com-
mon dysmorphic/genetic form of human obesity, and
more than 700 cases have been reported (Butler 1989).
It has been characterized by infantile hypotonia, early
childhood obesity, short stature, small hands and feet,
hypogonadism, mental deficiency, and a characteristic
facial appearance. About 50% of patients with PLWS
have an interstitial deletion of the proximal long arm
of chromosome 15 (Ledbetter et al. 1982; Mattei et al.
1984; Butler et al. 1986; Wenger et al. 1987; Butler
1989).
Decreased oculocutaneous pigmentation has been ob-

served in clinical studies in several individuals with PLWS
(Hittner et al. 1982; Butler et al. 1986; Wiesner et al.
1987; Phelan et al. 1988). In 1982, Hittner et al. de-
scribed hypopigmentation in nine PLWS individuals
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with the 15q deletion but did not compare them with
PLWS patients with normal chromosomes. Butler et al.
(1986) found in 39 PLWS individuals that those indi-
viduals with the chromosome 15 deletion had lighter
hair and eye color, fairer skin complexion, and greater
sun sensitivity than did PLWS individuals with normal
chromosomes. They proposed that a DNA segment on
proximal 15q, which is deleted in about 50% of PLWS
patients, may play a role in both melanin production
and decreased pigmentation. Recently, Wiesner et al.
(1987) studied 29 PLWS patients and found decreased
cutaneous and ocular pigmentation in 48% of their pa-
tients. They also reported abnormal melanosomes in
one PLWS patient. Misrouting of optic fibers, a finding
consistent with oculocutaneous or ocular albinism, was
also found in several PLWS patients reported by Creel
et al. (1986). Wiesner et al. (1987) reported that hypo-
pigmentation was also correlated with the 15q dele-
tion, although Wenger et al. (1987) did not identify such
a correlation in their PLWS patients. Wiesner et al.
(1987) concluded that the mechanism for hypopig-
mentation in PLWS is unknown, although hairbulb
tyrosinase activity and glutathione levels (both im-
portant for production of melanin) were low in PLWS
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patients. Butler et al. (1987) also studied 12 PLWS
patients and did not find a difference in plasma
0-melanocyte-stimulating hormone levels in those with
or without hypopigmentation. An error in amino acid
metabolism (e.g., phenylalanine and tyrosine, which
are utilized in melanin production) may exist in PLWS,
as supported by low tyrosinase activity, albinism (Wies-
ner et al. 1987; Phelan et al. 1988), and tyrosinemia
(Fernhoff et al. 1984). Additional features found in
PLWS individuals (e.g., hyperphagia, obesity, and hyper-
tension) may also be related to metabolic disturbances
(e.g., catecholamine synthesis).

Herein, the frequency and characterization of the
hypopigmentation in 56 PLWS patients, as well as clin-
ical, biochemical, and cytogenetic findings, are reported
in order to better delineate the cause of hypopigmenta-
tion in PLWS individuals.

Material and Methods

Subjects
Fifty-six Caucasian PLWS patients (29 males and 27

females with an average age of 13.9 years and a range
of 1.5-39.0 years) were studied. The patients were di-
agnosed as having PLWS on the basis of hypotonia,
hypogenitalism, early childhood obesity, small hands
and feet, short stature, and delayed psychomotor de-
velopment and/or mental retardation. During the phys-
ical examination, special attention was given to the
pigment status (skin, hair, and eye color) and eye ex-
amination of each PLWS patient and his or her first-
degree relatives. Fifty-one of the 56 PLWS patients were
studied with high-resolution chromosome procedures;
and 29 patients were identified as having the 15q11-12
deletion, while 22 patients had normal chromosomes.

Hair, Eye, and Skin Examination

Hair color was compared with a set of standard hair
samples scaled for color from 0 (white-blond) to 7
(black). Skin was classified into four categories, depend-
ing on tanning ability, on the basis ofFitzpatrick criteria:
type 1 skin (always burned and never tanned), type 2
skin (usually burned and tanned less than average), type
3 skin (sometimes burned mildly and tanned an aver-

age amount), and type 4 skin (rarely burned and tanned
with ease) (Pathak et al. 1987). Skin complexion was

judged as either normal or fairer than that of other fam-
ily members. An eye examination for iris color, stra-
bismus, nystagmus, and the presence or absence of both
iris translucency and retinal abnormalities was under-

taken. Iris color was scored from 1 (light blue) to 15
(dark brown) by comparison with a color chart for
artificial eyes (Mager and Gougelman, Inc., Minnea-
polis). For this study an individual was considered to
be hypopigmented when (1) skin type was 1 or 2; (2)
skin complexion was fairer than that of other family
members at comparable ages, by history and/or exami-
nation; (3) eye color was scored (5; and (4) hair color
was rated (4.

Laboratory Findings

Random daytime fasting (6-12 h) plasma samples
from several of the PLWS patients were obtained for
various biochemical tests to directly or indirectly ana-
lyze melanin synthesis or for metabolic disturbances.
Routine amino acid levels of phenylalanine and tyro-
sine, [Smelanocyte-stimulating hormone levels ([by ra-
dioimmunoassay using antiserum R2489/12] [Nichol-
son et al. 1984; Butler et al. 1987]), catecholamines
(norepinephrine, epinephrine, and dopamine-indi-
rectly related to melanin synthesis and produced by the
metabolism of tyrosine by tyrosine hydroxylase) were
analyzed. Independent t-tests, Pearsonian product-
moment and Spearman rank correlations, and Mann-
Whitney U- and X2 tests were used throughout this
study for statistical analysis of the biochemical and clin-
ical findings.

Results

Twenty-seven (48%) of 56 PLWS patients were judged
to have hypopigmentation on the basis of criteria es-
tablished from skin type and complexion as well as from
hair and eye color. The clinical, cytogenetic, and bio-
chemical data for 56 PLWS patients are shown in table 1.

Deletion versus Nondeletion PLWS Individuals
The mean ages were 15.9 years for the 29 deletion

PLWS patients and 12.0 years for the 22 nondeletion
PLWS patients, i.e., not significantly different. Thirty-
two percent of the nondeletion PLWS patients and 62%
of deletion PLWS patients were classified as having
hypopigmentation. The average eye-color rating was
3.7 (dark blue-light green) for all 56 PLWS patients;
the average eye-color rating was 3.4 (dark blue) for the
deletion PLWS patients and 4.0 (light green) for the
nondeletion PLWS patients. The average hair-color rat-
ing was 3.1 (red) for all PLWS patients and was 2.6 (dark
blond-red) for the deletion PLWS patients and 3.7
(red-light brown) for the nondeletion patients. The av-
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erage skin type was 2.4 for all PLWS patients and was

2.2 for the deletion PLWS patients and 2.7 for the nonde-
letion PLWS patients. There were significant differences
(P < .05; Mann-Whitney U-test) for both hair color
and skin type -but not for eye color-between the de-
letion PLWS patients and the nondeletion patients (ta-
ble 1).

Sixty percent of all PLWS patients- 80% of deletion
PLWS patients and 29% of nondeletion PLWS patients-
were found to have skin complexion fairer than that
of other family members; this result showed significant
difference (P < .001; X2 test) between the two chromo-
some subgroups. Therefore, deletion PLWS patients had
significantly lighter hair, fairer skin complexion, and
more sun sensitivity than did nondeletion PLWS pa-

tients. There was no difference in strabismus, nystagmus,
or iris translucency between deletion PLWS patients and
nondeletion PLWS patients. Strabismus was found in
64% of deletion PLWS patients and in 75% of nonde-
letion PLWS patients. Also, no differences in biochemi-
cal findings (IB-melanocyte-stimulating hormone, phe-
nylalanine, tyrosine, or catecholamine levels) were

found between the deletion PLWS patients and nonde-
letion PLWS patients (table 1).

Hypopigmented versus Normally Pigmented PLWS
Individuals

Significant differences (P < .001; Mann-Whitney
U-test) were found between hypopigmented PLWS pa-

tients and normally pigmented PLWS patients, with
lighter hair color, fairer skin complexion, and more sun

sensitivity being found in the hypopigmented PLWS pa-

tients. There was no difference in age between hypopig-
mented PLWS patients and normally pigmented PLWS
patients. There also was no significant difference in
biochemical findings (0i-melanocyte-stimulating hor-
mone, phenylalanine, tyrosine, or catecholamine levels),
strabismus, nystagmus, or consistent iris translucency
or retinal abnormalities between the hypopigmented
PLWS patients and the normally pigmented PLWS pa-

tients. Strabismus was found in 75% of hypopigmented
PLWS patients and in 62% of normally pigmented PLWS
patients. The average hair-color rating was 2.0 (dark
blond) for the hypopigmented PLWS patients and 4.1
(light brown) for those judged to have normal pigmen-
tation. The average eye-color score was 2.8 (dark blue)
for the hypopigmented PLWS patients and 4.5 (light
green-medium green) for those with normal pigmen-
tation. The average skin type was determined to be 1.7
for the hypopigmented group and 3.0 for the normally
pigmented patients. Ninety-five percent of the hypopig-

mented PLWS patients were found to have fairer com-
plexion than did other family members, compared with
20% of the normally pigmented PLWS patients.

Discussion

Forty-eight percent of the 56 PLWS patients in this
study met the criteria for hypopigmentation. Therefore,
hypopigmentation appears as common as other features
recognized in PLWS individuals. For example, in a re-
view of 555 PLWS patients, behavioral problems and
dental abnormalities were reported in 53% and 48%
of PLWS patients, respectively (Butler 1989).

There was a significant positive correlation (P< .05)
between darker hair color and advanced age. Hypopig-
mentation was also positively correlated with the pres-
ence of the chromosome deletion. Hypopigmentation
in nondeletion PLWS patients may be due to a sub-
microscopic deletion of proximal 15q, which may play
a role in melanin production. Although no quantita-
tive differences were identified in phenylalanine, tyro-
sine, fSmelanocyte-stimulating hormone, and catechol-
amine plasma levels between deletion PLWS patients
and nondeletion PLWS patients or between hypopig-
mented PLWS patients and normally pigmented PLWS
patients, more research is needed on the synthesis and
deposition of melanin.

Additional evidence that chromosome 15 may be in-
volved in pigment formation is Angelman syndrome,
a syndrome characterized by mental retardation, ataxic
gait, inappropriate laughter, seizures, and a character-
istic facies (Willems et al. 1987). Angelman syndrome
patients may also have hypopigmentation (fair hair
(Willems et al. 1987) and lightly pigmented irides [Mas-
sey and Roy 1973; Williams and Frias 1982; Magenis
et al. 1987]). Recently, a deletion of the proximal long
arm of chromosome 15, similar to the deletion seen
in PLWS patients, has been identified in Angelman syn-
drome patients (Magenis et al. 1987).

In summary, the clinical and biochemical data in both
this study and other reports indicate that there is de-
creased pigment in approximately one-half of the PLWS
patients- a finding that correlates with the chromosome
15 deletion, although the hypopigmentation is not as
severe as in individuals with oculocutaneous albinism.
The genetic, molecular, and physiologic mechanism of
pigment formation and deposition in humans is not
fully understood, but chromosome 15 may contain
structural and/or regulatory genes for development of
normal hair, eye, and skin pigment. More biochemical
and DNA research is needed to identify and classify
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the cause(s) of the pigmentary disturbance and its rela-
tionship to the chromosome 15 deletion seen in PLWS
and in Angelman syndrome.

Acknowledgments
I thank Pam Phillips for expert preparation of the manu-

script and Judy Haynes for technical assistance. This research
was supported in part by Clinical Nutrition Research Unit
grant 5-P30-AM26657.

References
Butler MG (1989). Prader-Labhart-Willi syndrome: current

understanding of cause and diagnosis. (submitted).
Butler MG, Jenkins BB, Orth DN (1987) Plasma immunoreac-

tive P-melanocyte stimulating hormone (lipotropin) levels
in individuals with Prader-Labhart-Willi syndrome. Am J
Med Genet 28:839-844

Butler MG, Meaney FJ, Palmer CG (1986) Clinical and
cytogenetic survey of 39 individuals with Prader-Labhart-
Willi syndrome. Am J Med Genet 23:793-809

Creel DJ, Bendel CM, Wiesner CL, Wirtschafter JD, Arthur
DC, King RA (1986) Abnormalities of the central visual
pathways in Prader-Willi syndrome associated with hypopig-
mentation. N Engl J Med 314:1606-1609

Fernhoff PM, Brown A, Blake E, Elsas LJ (1984) Newborn
metabolic screening in Georgia: five years experience. Pa-
per presented at the National Newborn Screening Sympo-
sium, Orlando, February 7-9

Hittner HM, King RA, Riccardi VM, Ledbetter DH, Borda
RP, Ferrell RE, Kretzer FL (1982) Oculocutaneous al-
binoidism as a manifestation of reduced neural crest deriv-
atives in the Prader-Willi syndrome. Am J Ophthalmol
94:328-337

Ledbetter DH, Mascarello JT, Riccardi VM, Harper VD,
Airhart SD, Strobel RJ (1982) Chromosome 15 abnormali-
ties and the Prader-Willi syndrome: a follow-up report of
40 cases. Am J Hum Genet 34:278-285

Magenis RE, Brown MG, Lacy DA, Budden S, LaFranch S
(1987) Is Angelman syndrome an alternate result of del (15)
(qllql3)? Am J Med Genet 28:829-838

Massey JY, Roy FH (1973) Ocular manifestations of the happy
puppet syndrome. J Pediatr Ophthalmol 10:282-284

Mattei MG, Soniah N, Mattei JF (1984). Chromosome 15
anomalies and the Prader-Willi syndrome: cytogenetic anal-
ysis. Hum Genet 66:313-334

Nicholson WE, Davis DR, Sherrell BJ, Orth DN (1984) Rapid
radioimmunoassay for corticotropin in unextracted human
plasma. Clin Chem 30:259-265

Pathak MA, Fitzpatrick TB, Greiter F, Kraus EW (1987)
Preventative treatment of sunburn, dermatoheliosis, and
skin cancer with sun-protective agents. In: Fitzpatrick TBA,
Eisen Z, Wolff K, Freedberg IM, Austen KF (eds) Derma-
tology in general practice, 3d ed. McGraw-Hill, New York,
pp 1507-1522

Phelan MC, Albiez KL, Flannery DB, Stevenson RE (1988)
The Prader-Willi syndrome and albinism in a black infant.
Proc Greenwood Genet Center 7:27-29

Wenger SL, HanchettJM, Steele MW, Maier BV, GoldenWL
(1987) Clinical comparison of 59 Prader-Willi patients with
and without the 15 (q12) deletion. Am J Med Genet
28:881-887

Wiesner GL, Bendel CM, Olds DP, White JG, Arthur DC,
Ball DW, King RA (1987) Hypopigmentation in the Prader-
Willi syndrome. Am J Hum Genet 40:431-442

Willems PJ, Dijkstra I, Brouwer OF, Smit GPA (1987) Recur-
rence risk in the Angelman ("happy puppet") syndrome.
Am J Med Genet 27:773-780

Williams CA, Frias JL (1982) The Angelman ("happy pup-
pet") syndrome. Am J Med Genet 11:453-460


